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OPTICAL CHARACTERISTIC MEASURING INSTRUMENT 



AND METHOD, PROGRAM, AND 



RECORD MEDIUM ON WHICH THE PROGRAM IS RECORDED 
TECHNICAL FIELD 



The present invention relates to measurement of optical 



optical fibers used for optical communication. 

BACKGROUND ART 

Measurement of optical characteristics of optical fibers has been 
carried out conventionally. For example, Patent Document 1 (Japanese 
Laid-Open Patent Publication (Kokai) No. H9264814) describes a 
polarization mode dispersion measuring device for optical fibers. With 
reference to FIG. 4, a description will now be given of the device for 
measuring the polarization mode dispersion of optical fibers according to 
Patent Document 1. 

First, the polarization mode dispersion Tpmd of an optical fiber under 
test 104 is defined by the following equation (l): 



characteristics of a device under test (DUT: Device Under Test) such as 



[EQU. 1] 




(1) 
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It should be noted that, in the above equation, 0 denotes a 
polarization angle, xpi denotes a phase shift in a certain direction on a plane 
perpendicular to the propagation direction of light, and^2 denotes a phase 
shift in a direction orthogonal toifri. On this occasion, a transfer function 
matrix [T] of the optical fiber under test 104 is defined by the following 
equation (2): 
[EQU. 2] 



[Tto)] = 



Ti 2 |e"i^ * 



|Tn|e-j 0 » 
|T 2 i|e"j 0 - |T22|e-i^ 



(2) 



22 



It should be noted that, in the above equation, | Tij I denotes an 
amplitude of respective matrix elements, 0ij denotes a phase shift of the 
respective matrix elements, and both of them are functions of an optical 
angular frequency a). Thus, the parameters 9 , 0i, and02 in the equation 
(l) are respectively obtained by the following equations (3), (4), and (5). 



(9(co)=0.5cos- 1 (|Tn| 2 - IT21I 2 ) — (3) 
ipi(<*)X<t>n-<t>22>/2 (4) 

02<W)=(021- <t>\2+7t)/2 — (5) 

Consequently, the polarization mode dispersion Tpmd of the optical 
fiber under test 104 is obtained by obtaining the transfer function matrix [T] 
of the optical fiber under test 104. 



A description will now be given of how to obtain the transfer function 
matrix [T] of the optical fiber under test 104 with reference to FIG. 4. First, 
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a control section 109 makes output light of a polarization controller 103 as a 
linearly polarized wave coincident with a p-direction of a polarization beam 
splitter 105 incident to the optical fiber under test 104. On this occasion, 
output light from the optical fiber under test 104 is represented by the 
following equation (6): 
[EQU. 3] 

|Tn|e~j* 11 |Ti2le _ j 0 12 
|T 2 i|e-^ 21 I T22 1 e _ J 0 22 

(6) 

The above -described output light is split into an spolarization 
component and a p -polarization component by the polarization beam splitter 
105, and then, the components are made incident to O/E converters 106i and 
IO62 respectively, and the O/E converters IO61 and IO62 respectively 
measure- 
[EQU. 4] 

|Tn|e-j 0 ^ |T 2 i|e-j 0 - 

After the above -described measurement, the control section 109 
rotates output light of the polarization controller 103 at 90°, and makes the 
resulting light as a linearly polarized wave coincident with an s direction of 
the polarization beam splitter 105 incident to the optical fiber under test 104. 
On this occasion, output light from the optical fiber under test 104 is 
represented by the following equation (7)* 



1 I T11 I e ^ u (p component) 

0 I T21 I e " 21 ( s component) 
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[EQU. 5] 

|Tule-j*» I T12 1 e - ^ » 
I T21 1 e"j 0 2 > |T22|e - ^ 22 

(7) 

The above-described output light is split into an s-polarization 
component and a p -polarization component by the polarization beam splitter 
105, the components are made incident to the O/E converters 106 1 and IO62 
respectively, and the O/E converters IO61 and IO62 respectively measure- 
[EQU. 6] 

|Ti 2 |e-J 012 % |T 2 2|e"^ 22 

A network analyzer 107 obtains the parameters 0, &i 9 and02 from 
the respective parameters measured as described above, and the equations 
(3), (4), and (5). It should be noted that the network analyzer 107 controls 
an intensity modulation ratio in an optical intensity modulator 102 via an 
amplifier 108. 

Then, the above- described measurement is carried out while the 
output wavelength of a wavelength-variable light source 101 is being swept, 
thereby obtaining 0 ( Q) ), ift i( O) ), and ip 2( CO ) from the respective 
measurement results. Then, the control section 109 obtains the 
polarization mode dispersion Tpmd from the equation (l). 

However, according to the method described above, when the output 



0 
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T12 I e 12 (p component) 
I T22 I e ~ 22 ( s component) 
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light of the optical fiber under test 104 is split into the s -polarization 
component and p-polarization component by the polarization beam splitter 
105, the power may be deviated. Namely, either the s-polarization 
component or the p-polarization component output from the polarization 
beam splitter 105 may be extremely larger than the other component. In an 
extreme case, only the p-polarization component is output, and the 
s-polarization component is not output. 

In this case, the S/N ratio of the phase of a component with a smaller 
power degrades, and the measurement of the phase hence becomes 
inaccurate. Consequently, measured results of a group delay time and the 
polarization mode dispersion of the optical fiber under test 104 contain a 
noise, and the measurement thereof hence becomes inaccurate. 

A purpose of the present invention is to provide an optical 
characteristic measuring instrument and the like which prevent adverse 
influence upon the measurement of the optical characteristics due to a 
deviation between the polarization components. 

DISCLOSURE OF THE INVENTION 

According to the present invention as described in claim 1, an optical 
characteristic measuring instrument that measures an optical characteristic 
of a device under test, includes: a polarization separating unit that receives 
fight having emitted from the device under test, separates the received light 
into p -polarized light and s-polarized light, and outputs the p-polarized light 
and s-polarized light; a light generating unit that generates incident light; 
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an optical modulation unit that applies intensity modulation to the incident 
light, and emits modulated light; a light input unit that makes the incident 
light which has undergone the intensity modulation incident on the device 
under test wherein the incident light is coincident with a p -polarization axis 
and an spolarization axis of the polarization separating unit; a first 
measuring unit that measures a phase shift equivalent value and an 
amplitude equivalent value of the incident light based upon the output from 
the polarization separating unit; a second measuring unit that measures a 
phase shift equivalent value of the incident light based upon the light 
emitted from the device under test; and an optical characteristic measuring 
unit that measures the optical characteristic of the device under test based 
upon the measured results by the first measuring unit and the second 
measuring unit. 

According to the optical characteristic measuring instrument 
configured as described above, the second measuring unit measures the 
phase shift equivalent value of the incident light based upon the light 
emitted from the device under test. The optical characteristic measuring 
unit measures the optical characteristic of the device under test based upon 
the measured result by the second measuring unit. Thus, even if there is a 
deviation on the p -polarization axis or the s-polarization axis in the 
amplitude equivalent value measured by the first measuring unit, since the 
optical characteristic of the device under test is measured based upon the 
measured result by the second measuring unit, and it is thus possible to 
prevent adverse influence upon the measurement of the optical 
characteristic due to the deviation of the polarization component. 

The present invention as described in claim 2, is the optical 

6 
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characteristic measuring instrument according to claim 1, wherein the 
optical characteristic measuring unit measures the optical characteristic of 
the device under test based upon the measured result by the second 
measuring unit if a p -polarization component of the amplitude equivalent 
value of the incident light measured by the first measuring unit being 
excessively large or excessively small compared with that of an s-polarization 
component thereof. 

The present invention as described in claim 3, is the optical 
characteristic measuring instrument according to claim 1 or 2, wherein the 
phase shift equivalent value is obtained by differentiating a phase shift by 
an optical angular frequency. 

The present invention as described in claim 4, is the optical 
characteristic measuring instrument according to claim 1 or 2, wherein the 
amplitude equivalent value is the square of an amplitude. 

The present invention as described in claim 5, is the optical 
characteristic measuring instrument according to claim 3, wherein a group 
delay time measuring unit that measures a group delay time of the device 
under test based upon the measured result by the second measuring unit. 

According to the present invention as described in claim 6, an optical 
characteristic measuring method for measuring an optical characteristic of a 
device under test, includes: a polarization separating step of receiving light 
having emitted from the device under test, separating the received light into 
p -polarized light and s-polarized light, and outputting the p -polarized light 
and s-polarized light; a light generating step of generating incident light; an 
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optical modulation step of applying intensity modulation to the incident light, 
and emitting modulated light; a light input step of making the incident light 
which has undergone the intensity modulation incident on the device under 
test wherein the incident light is coincident with a p -polarization axis and an 
s -polarization axis of the polarization separating step; a first measuring step 
of measuring a phase shift equivalent value and an amplitude equivalent 
value of the incident light based upon the output of the polarization 
separating step; a second measuring step of measuring a phase shift 
equivalent value of the incident light based upon the light emitted from the 
device under test; and an optical characteristic measuring step of measuring 
the optical characteristic of the device under test based upon the measured 
results by the first measuring step and the second measuring step. 

The present invention as described in claim 7, is a program of 
instructions for execution by the computer to perform an optical 
characteristic measuring process of an optical characteristic measuring 
instrument that measures an optical characteristic of a device under test, 
having: a polarization separating unit that receives fight having emitted 
from the device under test, separates the received light into p-polarized light 
and s polarized light, and outputs the p -polarized light and spolarized light; 
a light generating unit that generates incident light; an optical modulation 
unit that applies intensity modulation to the incident light, and emits 
modulated light; and a light input unit that makes the incident light which 
has undergone the intensity modulation incident on the device under test 
wherein the incident light is coincident with a p -polarization axis and an 
s-polarization axis of the polarization separating unit; the optical 
characteristic measuring process including: a first measuring step of 
measuring a phase shift equivalent value and an amplitude equivalent value 
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of the incident light based upon the output of the polarization separating 
step; a second measuring step of measuring a phase shift equivalent value of 
the incident light based upon the light emitted from the device under test; 
and an optical characteristic measuring step of measuring the optical 
characteristic of the device under test based upon the measured results by 
the first measuring step and the second measuring step. 

The present invention as described in claim 8, is a computer-readable 
medium having a program of instructions for execution by the computer to 
perform an optical characteristic measuring process of an optical 
characteristic measuring instrument that measures an optical characteristic 
of a device under test, having: a polarization separating unit that receives 
light having emitted from the device under test, separates the received light 
into p-polarized light and s-polarized light, and outputs the p polarized light 
and s-polarized light; a light generating unit that generates incident light; 
an optical modulation unit that applies intensity modulation to the incident 
light, and emits modulated light; and a light input unit that makes the 
incident light which has undergone the intensity modulation incident on the 
device under test wherein the incident light is coincident with a 
p -polarization axis and an s polarization axis of the polarization separating 
unit; the optical characteristic measuring process including: a first 
measuring step of measuring a phase shift equivalent value and an 
amplitude equivalent value of the incident light based upon the output of the 
polarization separating step; a second measuring step of measuring a phase 
shift equivalent value of the incident light based upon the light emitted from 
the device under test; and an optical characteristic measuring step of 
measuring the optical characteristic of the device under test based upon the 
measured results by the first measuring step and the second measuring step. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a configuration of an optical 
characteristic measuring instrument according an embodiment of the 
present invention; 

FIG. 2 is a flowchart showing an operation of the optical 
characteristic measuring instrument according to the embodiment of the 
present invention; 

FIG. 3 is a flowchart showing a procedure for measuring phase shift 
equivalent values and amplitude equivalent values of incident light; and 

FIG. 4 is a block diagram showing a configuration of a device for 
measuring the polarization mode dispersion of optical fibers according to a 
prior art (Japanese Laid Open Patent Publication (Kokai) No. H9-264814). 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given of an embodiment of the present 
invention with reference to drawings. 

FIG. 1 is a block diagram showing a configuration of an optical 
characteristic measuring instrument according an embodiment of the 
present invention. The optical characteristic measuring instrument 
according to the embodiment of the present invention is used to obtain 
optical characteristics of an optical fiber 18, which is a device under test 
(DUT). The optical characteristic measuring instrument according to the 
embodiment of the present invention includes a wavelength-variable light 
source (light generating means) 10, an optical modulator 12, a polarization 
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controller (light input means) 14, a polarization state setting section 16, an 
optical coupler 19, a polarization separator 20, optical/electrical (O/E) 
converters 22p and 22s, an optical/electrical (O/E) converter 23, a first 
measuring section 24, a second measuring section 25, an optical 
characteristic measuring section 26, and a group delay time measuring 
section 28. 

The wavelength- variable light source 10 generates incident light 
while changing the wavelength thereof. It should be noted that an optical 
angular frequency co=2 7tf=2 7VcX A. In the above equation, c denotes the 
velocity of light, and A denotes wavelength thereof. Changing the 
wavelength A thus corresponds to changing the optical angular frequency 60 . 

The optical modulator 12 applies intensity modulation to the incident 
light, and emits modulated incident light to the polarization controller 14. 

The polarization controller (light input means) 14 controls a 
polarization state of the incident light according to control by the 
polarization state setting section 16. 

The polarization state setting section 16 sets the polarization state of 
the incident light. Namely, the polarization state setting section 16 makes 
the incident light coincident with a p-polarization axis and an s-polarization 
axis (16a) in the polarization separator 20. Namely, the polarization state 
setting section 16 causes the incident light to be a linearly polarized wave 
which is coincident with the p-polarization axis and s-polarization axis. 

When the incident light is made incident on the optical fiber 18, 
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which is the device under test, the incident light passes the optical fiber 18. 

The optical coupler 19 receives the light which has passed the optical 
fiber 18, namely the light emitted from the optical fiber 18. The optical 
coupler 19 then separates the light emitted from the optical fiber 18, and 
outputs results of the separation to the polarization separator 20 and the 
optical/electrical (O/E) converter 23. 

The polarization separator 20 receives the light which has passed the 
optical fiber 18, namely the light emitted from the optical fiber 18, separates 
the light into p-polarized light and s-polarized fight, and outputs results of 
the separation. 

The optical/electrical (O/E) converter 22p applies optical/electrical 
conversion to the p -polarization component in the outputs of the polarization 
separator 20, and outputs a result of the conversion to the first measuring 
section 24. The optical/electrical (O/E) converter 22s applies 
optical/electrical conversion to the s-polarization component in the outputs of 
the polarization separator 20, and outputs a result of the conversion to the 
first measuring section 24. 

The optical/electrical (O/E) converter 23 receives the light emitted 
from the optical fiber 18 via the optical coupler 19, applies optical/electrical 
conversion to the received light, and outputs a result of the conversion to the 
second measuring section 25. 

The first measuring section 24 measures phase shift equivalent 
values and amplitude equivalent values of the incident fight based upon the 
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outputs from the polarization separator 20. The phase shift equivalent 
value is a value corresponding to a phase shift. Although the phase shift 
equivalent value may be the phase shift itself, a value obtained by 
differentiating the phase shift by the optical angular frequency (group delay 
time) is the phase shift equivalent value, for example. The amplitude 
equivalent value is a value corresponding to the amplitude. Although the 
amplitude equivalent value may be an amplitude itself, a value obtained by 
squaring the amplitude (power) is the amplitude equivalent value, for 
example. 

The second measuring section 25 measures phase shift equivalent 
values and amplitude equivalent values of the incident light based upon the 
output from the optical/electrical (O/E) converter 23. Namely, the second 
measuring section 25 measures the phase shift equivalent values and 
amplitude equivalent values of the incident light based upon the light 
emitted from the optical fiber 18. It should be noted that the amplitude 
equivalent values may not be measured. 

The optical characteristic measuring section 26 obtains the optical 
characteristics of the optical fiber 18 based upon the measured results by the 
first measuring section 24 and the second measuring section 25. In the 
present embodiment, the optical characteristic measuring section 26 obtains 
group delay times Tn (=d<9 n/dco), T21 (=d#2i/dco), T 12 (=dO 12/dCcO, andr 
22 (=d#22/do;), which are derivatives obtained by differentiating parameters 
On, 0 21, 0 12, and 0 22 of elements of a transfer function matrix of the 
optical fiber 18 by the optical angular frequency co . It should be noted that 
the optical characteristic is not limited to these values, and may be a 
wavelength dispersion, a wavelength dispersion slope, a polarization mode 
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dispersion, and the like. The wavelength dispersion and the like can be 
obtained based upon Tn, T21, T12, andT22. 

The group delay time measuring section 28 obtains a group delay 
timeTg of the optical fiber 18 based upon the measured results by the second 
measuring section 25. 

A description will now be given of an operation of the optical 
characteristic measuring instrument according to the embodiment of the 
present invention with reference to a flowchart in FIG. 2. 

First, the phase shift equivalent values and the amplitude equivalent 
values are measured while the incident light is coincident with the 
p -polarization axis and spolarization axis (16a) in the polarization separator 
20 (S10). A description will now be given of a procedure of this 
measurement with reference to a flowchart in FIG. 3. 

First, the optical angular frequency of the light output from the 
wavelength-variable light source 10 is set to a) (S12). With reference to 
FIG. 1, the wavelength -variable light source 10 emits the incident light 
having the optical angular frequency a) . The incident light undergoes the 
intensity modulation applied by the optical modulator 12, and is emitted to 
the polarization controller 14. On this occasion, the polarization state 
setting section 16 makes the incident light coincident with the p -polarization 
axis in the polarization separator 20 (Sl4a). Namely, the polarization state 
setting section 16 causes the incident light to be a linearly polarized wave 
which is coincident with the p -polarization axis. Then, the incident light is 
made incident on the optical fiber 18. 
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The incident light having passed the optical fiber 18 is supplied to 
the polarization separator 20 and the optical/electrical (O/E) converter 23 via 
the optical coupler 19. The light supplied to the polarization separator 20 is 
separated into the p-polarized light and the s-polarized light by the 
polarization separator 20. The p -polarization component output from the 
polarization separator 20 undergoes the optical/electrical conversion by the 
optical/electrical (O/E) converter 22p, and is output to the first measuring 
section 24. The s -polarization component output from the polarization 
separator 20 undergoes the optical/electrical conversion by the 
optical/electrical (O/E) converter 22s, and is output to the first measuring 
section 24. The first measuring section 24 then measures the phase shift 
equivalent values (group delay times) T n and T 21, and amplitude 
equivalent values (powers) Tn 2 and T21 2 (Sl4b). 

The light supplied to the optical/electrical (O/E) converter 23 
undergoes the optical/electrical conversion by the optical/electrical (O/E) 
converter 23, and is output to the second measuring section 25. The second 
measuring section 25 then measures a phase shift equivalent value (group 
delay time) Tpg and an amplitude equivalent value (power) Tp 2 (S14b). 

A description will now be given of how the first measuring section 24 
obtains the phase shift equivalent values and the amplitude equivalent 
values (Sl4b). 

First, the transfer function matrix [T] of the optical fiber 18 is 
defined by the following equation (10)* 
[EQU. 7] 
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[T] = 

It should be noted that respective elements of the transfer function 
matrix [T] are represented by the following equations (ll): 
[EQU. 8] 

T lie -j 0 "= Z7cose e -j<*i + * + - 0 > 
Ti 2 e-i 0 » = - Z7sine e -j<*i + *- 0 > 
T 2 i e-i 9 * = Z7sin© e -j<*i-* +0 > . 
T 22e -j 0 22= z/cos© e-j^i-^- 0 > 

In the above equations, <ft(oo) denotes a difference component of two 
orthogonal phase shift components 0 1(0;) and 0 2(00), and0(o;) is an 
in-phase component of the two orthogonal phase shift components 0i(co) and 
02(ct>X It should be noted that0i(c6>) is a phase shift in a certain direction 
on a plane orthogonal to the traveling direction of light, and02(cc>) is a phase 
shift in a direction orthogonal to^i. Specifically, (f>(co)=(0 \((jl>)-i/j 2(0))) '/2 , 
and0(c6))=(0i(a>)+02(a>))/2. In addition 0(cc>) is the polarization angle of 
the light emitted from the optical fiber 18. 

On this occasion, the incident light is made coincident with the 
p -polarization axis in the polarization separator 20. Consequently, the 
output from the polarization separator 20 is represented by the following 
equation (12). 
[EQU. 9] 



Tiie-i 0 - 



Ti2e"i 



T21 e~3 0 2i T22 e"J 



(1 0) 



(11) 
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Tn e"j & " T12 e~i & ^ 
T21 e"J 0 2i T22 e"j 0 22 
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p component 



(1 2) 



s component 



Light represented as Tne~j eu is input to the first measuring section 
24 via the optical/electrical (O/E) converter 22p. At the same time, light 
represented as T2ie~ je21 is input to the first measuring section 24 via the 
optical/electrical (O/E) converter 22s. Consequently, the first measuring 
section 24 can measure values equivalent to respective phase shifts 0 n and 
02i of Tne"j ei1 and T2ie~j 621 such as the group delay times Tn (=d0 11/daj) 
and T 21 (=d 0 21/d (x) ), which are values obtained by respectively 
differentiating the phase shits On and 6 21 by the optical angular frequency 
a), and values equivalent to amplitudes Tn and T21 such as |Tn| 2 and 
I T21 1 2 , which are values (powers) obtained by respectively squaring the 
amplitudes. Namely, the first measuring section 24 can measure the phase 
shift equivalent values and the amplitude equivalent values on the first 
column of the transfer function matrix of the optical fiber 18. 



Then, the polarization state setting section 16 makes the incident 
fight coincident with the spolarization axis (S16a) in the polarization 
separator 20. Namely, the polarization state setting section 16 causes the 
incident light to be a linearly polarized wave which is coincident with the 
s polarization axis. Then, the incident light is made incident to the optical 
fiber 18. 



The incident light having passed the optical fiber 18 is separated into 
the p polarized fight and s-polarized light by the polarization separator 20. 
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The p -polarization component output from the polarization separator 20 
undergoes the optical/electrical conversion by the optical/electrical (O/E) 
converter 22p, and is output to the first measuring section 24. The 
s-polarization component output from the polarization separator 20 
undergoes the optical/electrical conversion by the optical/electrical (O/E) 
converter 22s, and is output to the first measuring section 24. The first 
measuring section 24 then measures the phase shift equivalent values 
(group delay times) T12 and T 22, and amplitude equivalent values (powers) 
Ti2 2 andT 2 2 2 (Sl6bX 

The light supplied to the optical/electrical (O/E) converter 23 
undergoes the optical/electrical conversion by the optical/electrical (O/E) 
converter 23, and is output to the second measuring section 25. The second 
measuring section 25 then measures a phase shift equivalent value (group 
delay time) Tsg and an amplitude equivalent value (power) Ts 2 (Sl6b). 

A description will now be given of how the first measuring section 24 
obtains the phase shift equivalent values and the amplitude equivalent 
values (S16b). The incident light is made coincident with the s-polarization 
axis in the polarization separator 20. Consequently, the output from the 
polarization separator 20 is represented by the following equation (13). 
[EQU. 10] 

Tne"j 0 n T^e-^ 
T21 e'i fl « T22 e"J 0 2 2 

18 



\9, 
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Light represented as Ti2e"J ei2 is input to the first measuring section 
24 via the optical/electrical (O/E) converter 22p. At the same time, light 
represented as T22e~J e22 is input to the first measuring section 24 via the 
optical/electrical (O/E) converter 22s. Consequently, the first measuring 
section 24 can measure values equivalent to respective phase shifts 0 \2 and 
022 of Ti2e"J 612 and T22e~j 022 such as the group delay times T 12 (-d<9 12/da;) 
and T 22 (=d 6 22/d co ), which are values obtained by respectively 
differentiating the phase shits 0 12 and 0 22 by the optical angular frequency 
CO, and values equivalent to amplitudes T12 and T22 such as IT12I 2 and 
I T22 1 2 , which are values (powers) obtained by respectively squaring the 
amplitudes. Namely, the first measuring section 24 can measure the phase 
shift equivalent values and the amplitude equivalent values on the second 
column of the transfer function matrix of the optical fiber 18. 

Then, it is determined whether the optical angular frequency has 
reached an upper limit or not (S17), and if the optical angular frequency has 
not reached the upper limit ("NO" in S17), the optical angular frequency is 
incremented by Aco (S18), and the procedure returns to the step of making 
the incident light coincident with the p-polarization axis in the polarization 
separator 20 (S14aX If the optical angular frequency has reached the upper 
limit ("YES" in S17), the measurement of the phase shift equivalent values 
and the amplitude equivalent values when the incident light is coincident 
with the p-polarization axis and the spolarization axis (16a) in the 
polarization separator 20 ends (refer to S10 in FIG. 2). 

With reference to FIG. 2 again, the optical characteristic measuring 
section 26 receives the powers Tn 2 and T21 2 measured upon the incident light 
being a linearly polarized wave coincident with the p-polarization axis (upon 
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P wave input), and determines whether a deviation is present between them 
(S22). Namely, if Tn 2 » T21 2 (Tn 2 is excessively larger than T21 2 ), or Tn 2 « 
T21 2 (Tn 2 is excessively smaller than T21 2 ), the optical characteristic 
measuring section 26 determines that there is a deviation, and determines 
that there is no deviation otherwise. For example, there is set an upper 
threshold in advance, and the optical characteristic measuring section 26 
determines that there is an excess if Tn 2 /T2i 2 exceeds the upper threshold. 
Moreover, for example, a lower threshold is set in advance, and the optical 
characteristic measuring section 26 determines that there is an excess if 
Tn 2 /T2i 2 is less than the lower threshold. 

If there is a deviation between the powers Tn 2 and T21 2 measured 
upon the P wave input ("YES" in S22), the optical characteristic measuring 
section 26 usesTpg to obtain x 21 orTn (S24). 

On this occasion, there are following relationships among Tn 2 , T21 2 , 
Tn, and X 21, which are the measured results by the first measuring section 
24, and Tp 2 and X pg, which are the measured results by the second 
measuring section 25. It should be noted that a proof thereof will be 
provided later. In addition, 9 9 = X . 
[EQU. 11] 

T 2 =Tn+T 2 i 2 

Tn 2 6 n ' +T 2 i 2 e 2 i 

T PS ~ _ 2 ~ 2 

I U +1 21 

If Tn 2 » T21 2 , the S/N ratio of X 21, which is the measured result of 
the first measuring section 24, is low. Thus, T2i is calculated from Tn 2 , 



(14) 
(1 5) 
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T 2 i 2 , r a, andrpg according to the equation (15). If Tn 2 » T21 2 , the S/N 
ratios ofTn, which is the measured result of the first measuring section 24, 
andTpg, which is the measured result of the second measuring section 25, 
are high. As a result, if the X 21 is calculated according to the equation (15), 
the S/N ratio of r 21 becomes high. 

If Tn 2 « T 2 i 2 , the S/N ratio ofTn is low, which is the measured 
result of the first measuring section 24. Thus, X \\ is calculated from Tn 2 , 
T21 2 , T21, andTpg according to the equation (15). If Tn 2 « T21 2 , the S/N 
ratios of X 21, which is the measured result of the first measuring section 24, 
andTpg, which is the measured result of the second measuring section 25, 
are high. As a result, if the T 11 is calculated according to the equation (15), 
the S/N ratio of X 11 becomes high. 

After the calculation ofT2i orfn usingTpg (S24), or there is no 
deviation between the powers Tn 2 and T21 2 upon the P wave input ("NO" in 
the S22), the optical characteristic measuring section 26 receives the powers 
T12 2 and T22 2 measured upon the incident fight being a linearly polarized 
wave coincident with the s-polarization axis (upon S wave input), and 
determines whether a deviation is present between them (S32). Namely, If 
T12 2 » T22 2 (T12 2 is excessively larger than T22 2 ), or T12 2 « T22 2 (T12 2 is 
excessively smaller than T22 2 ), the optical characteristic measuring section 
26 determines that there is a deviation, and determines that there is no 
deviation otherwise. For example, there is set an upper threshold in 
advance, and the optical characteristic measuring section 26 determines that 
there is an excess if Ti2 2 /T22 2 exceeds the upper threshold. Moreover, for 
example, a lower threshold is set in advance, and the optical characteristic 
measuring section 26 determines that there is an excess if Ti2 2 /T22 2 is less 
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than the lower threshold. 

If there is a deviation between the powers T12 2 and T22 2 measured 
upon the S wave input ("YES" in S32), the optical characteristic measuring 
section 26 usesr sg to obtain r 22 01T12 (S34). 

On this occasion, there are following relationships among T12 2 , T22 2 , 
T22, and x 12, which are the measured results by the first measuring section 
24, and Ts 2 and r sg, which are the measured results by the second 
measuring section 25. It should be noted that a proof thereof will be 
provided later. In addition, 0'=X . 
[EQU. 12] 

T 2 =Ti2 2 +T 2 2 2 

_ Ti2 2 e l2 f +T22 2 e 22 ' 

Xs S r 2 , ^ 2 

1 21 +1 22 

If T12 2 » T22 2 , the S/N ratio ofr22 is low, which is the measured 
result of the first measuring section 24. Thus, x 22 is calculated from T12 2 , 
T22 2 , Ti2, andrsg according to the equation (17). If T12 2 » T22 2 , the S/N 
ratios of T 12, which is the measured result of the first measuring section 24, 
andrsg, which is the measured result of the second measuring section 25, 
are high. As a result, if the x 22 is calculated according to the equation (17), 
the S/N ratio of r 22 becomes high. 

If T12 2 « T22 2 , the S/N ratio of X 12 is low, which is the measured 
result of the first measuring section 24. Thus, X 12 is calculated from T12 2 , 
T22 2 , r 2 2, andrsg according to the equation (17). If T12 2 « T22 2 , the S/N 



(1 6) 
(1 7) 
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ratios of T 22, which is the measured result of the first measuring section 24, 
andTsg, which is the measured result of the second measuring section 25, 
are high. As a result, if the T 12 is calculated according to the equation (17), 
the S/N ratio of T 12 becomes high. 

After the calculation of T22 orri2 using rsg (S34), or there is no 
deviation between the powers T12 2 and T22 2 measured upon the S wave input 
("NO" in S32), the optical characteristic measuring section 26 proceeds to the 
measurement of the group delay timeTg (S42). 

Namely, the group delay time measuring section 28 measures the 
group delay timeTg of the optical fiber 18 based uponTpg andTsg, which 
are measured results of the second measuring section 25 (S42). The group 
delay timeTg of the optical fiber 18 is represented as (Tpg +Tsg)/2. 

According to the embodiment of the present invention, the second 
measuring section 25 measures the phase shift equivalent values (group 
delay times Tpg andTsg) of the incident light based upon the light emitted 
from the optical fiber 18. If there is observed a deviation for the 
p -polarization axis or the s-polarization axis between the amplitude 
equivalent values (powers) (Tn 2 is excessively smaller (larger) than T21 2 or 
T12 2 is excessively smaller (larger) than T22 2 ), which are measured results by 
the first measuring section 24, the optical characteristic measuring section 
26 measures the optical characteristics of the device under test (group delay 
timesTn, T21, T 12, andT22) based upon the measured results (group delay 
times Tpg andTsg) by the second measuring section 25. 

Consequently, even if there is observed a deviation between the 
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amplitude equivalent values (powers) by the first measuring section 24 for 
the p -polarization axis or the s-polarization axis, since the optical 
characteristic of the optical fiber 18 is measured based upon the measured 
results (which are not influenced by the deviation between the powers for the 
p -polarization axis or the s-polarization axis) by the second measuring 
section 25, it is possible to prevent an adverse effect upon the measurement 
of the optical characteristic due to an deviation between the polarization 
components. 

Although the group delay times T~n, T21, T12, andT22 are selected 
as an example of the optical characteristic, further examples of the optical 
characteristic such as the wavelength dispersion, the wavelength dispersion 
slope, and the polarization mode dispersion may be obtained accurately by 
measuring the group delay times accurately This is because they can be 
obtained based upon the group delay times T 11, T21, T 12, and T 22. 

Moreover, the group delay time measuring section 28 can improve 
the S/N ratios of the measured values of the group delay times of the optical 
fiber 18. 

In addition, the above described embodiment can be realized in the 
following manner. A computer is provided with a CPU, a hard disk, and a 
media (such as a floppy disk and a CD-ROM) reader, and the media reader is 
caused to read a medium which is recording a program realizing the 
above -described respective sections such as the first measuring section 24, 
the second measuring section 25, the optical characteristic measuring 
section 26, and the group delay time measuring section 28, for example, 
thereby installing the program on the hard disk. This method may realize 
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the above-described functions. 



[Proof of the relationships (equations 14 to 17) among the measured 
results T12 2 , T22 2 , T22 andri2 by the first measuring section 24 and the 
measured results T s 2 andr S{? by the second measuring section 25] 



It is assumed that the incident light is in an arbitrarily polarized 
state. On this occasion, it is assumed that an x axis and a y axis denote two 
axes perpendicular to the incident surface of a DUT, and Ep denotes an 
amplitude of an x-axis component of the incident light, and Esei ek denotes an 
amplitude of a yaxis component thereof. An x-axis component and a yaxis 
component (respectively denoted as Epout and Esout) of light emitted from 
the DUT are represented by the following equation by means of a 
transmission function matrix. 
[EQU. 13] 



E pout 




E sout 





1 2l e 



I2 e 
2 22 e 



p 

jo* 



(3 1) 



A complex amplitude Eout of the emitted light is represented by the 
following equation by means of a transmission function matrix. 
[EQU. 14] 



E'out ±K ^ pout 1 x + ^ sout l y (32) 

= {T n e J0 »E p +T l2 e i V" +e *>E s }i x+ (T 2l e ie »E p +T 22 e i ^* e ^E s )i y 



ix and iy respectively denote unit vectors in the x-axis and yaxis 
directions. 
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On this occasion, a power and a group delay time are measured by 
causing a network analyzer to measure an electrical signal resulting from 
reception of Eout. The group delay time is obtained by differentiating the 
phase represented by the following equation by an angular frequency, and 
the power T 2 and the group delay time rare represented by the following 
equations. 

Since ix • ix = iy • iy = 1, ix ■ iy = 0, 
[EQU. 15] 



T 2 =Tn 2 E p 2 +Tn 2 E s 2 +T 2 , 2 E p 2 +T 22 2 E 2 

+ 2T n T l2 E p E 5 cos(0 n -e i2 -6 A ) + 2T 2l T 22 E p E s cos(0 21 - 0 22 - d A ) 



= tan 



A img{Te i9 y 
\real(Te ie )' 



(34) 



reaHJe' 6 ) = {T n E p cos 6 n + T l2 E s cos(0 12 + 0 A )}i p + {T 21 E p cos 0 21 + T^E S cos(0 22 + 6> A )}i , 
img(Te je ) = {T n E p sin0 n +T 12 E S sin(6> 12 + 0 A )}| +{T 21 E p sin6> 21 +T 22 E S sin(6» 22 +6 A )}i s (35) 



T = — — — 0 = 

dm 



img(Te 
real(Te 



J9 )\ imgW 8 )-, 



1 + 



[ in,g(Te' e ) ^ 
\real(Te }e )\ 



real(Te' 0 ) - real\Te l0 ) img{Te>°) 
real 2 (Te i0 ) + mig 2 (Te je ) (3 6) 



img'(Te J °) ■ real(Te>°) - real'(Te J °) ■imgjTe' 0 ) 
T 2 



TnEp 2 Vn +7i 2 2 £> 12 +T 2i 2 E 2 V 2l + T 2Z 2 E t 2 ^ 

+ Wn +e 12 ')T n T l2 cos(d n -e i2 -0 A ) + (0 21 ' +& 22 ')r 21 r 22 cos(e 21 -e a -e A )}E p E s 
+ {ffl,V 12 -T n T 12 )sin(e n -e 12 -e^ + iTvTn -T 2 {r^)sm{d 2l -e 22 -e^)}E p E s 



(3 7) 
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If it is assumed that the linearly polarized wave parallel to the x axis 
is a P wave, and the linearly polarized wave parallel to the y axis is an S 
wave, the powers and the group delay time characteristics upon the P wave 
and the S wave being respectively input are obtained as follows. 

If the P wave is input, the equation (14) and the equation (15) are 
obtained by assigning Ep = 1, Es = 0, and 6 a = 0 to the equation (33) and the 
equation (37). 

If the S wave is input, the equation (16) and the equation (17) are 
obtained by assigning Ep = 0, Es = 1, and 6 a = 0 to the equation (33) and the 
equation (37). 



[End of proof] 
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